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A load-balanced TTE scheduling method for large-scale message transmission
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Abstract: There are urgent requirements of large-scale message transmission in airborne networks with
complex topology. When the traditional Time-Triggered Ethernet (TTE) scheduling methods are used
to meet a requirement, the time complexity is very high. To solve this problem, we in this paper pro-
pose a TTE nevel message scheduling method based on the idea of load balancing. In this method, a set
of candidate paths is firstly generated and then selected according to the message length and data flow
link load. Those paths with load balancing characteristics are chosen. Then the messages are scheduled
based on the static priority, sorted according to the message length and cycle, and allocated by using the
‘back to back’ rule. Finally, the method is compared to the traditional Satisfiability Modulo Theory
(SMT) method to illuminate its performance. Simulation results show that, while the method can re-

duce the computation time by more than 90% when the schedulable message frames are more than 6000,
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the computational efficiency is improved by 10~100 times on the basis of ensuring the real-time perform-

ance of the message. Therefore, the method is suitable for the complex large-scale data scheduling table

generation and can feasibly improve the message scheduling performance of the airborne network.
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Tab. 3 Comparison of the calculation times(Unit: s)
HEHE /A 5
T4

100 124 248 496

0. 229 0. 349 0. 436 0. 788 1. 565

DIJ+SMT
7.710 16,446 24.017 150.125  —
1,059  2.378  2.644  5.945 12.7
KSP-+SMT 7 89
3137 14.899 19.315 120.600  —
0.229  0.349  0.436  0.788  1.565
DIJ+SPS
0.028  0.026 0.027 0.053  0.143
1,059  2.378  2.644  5.945 12,789
KSP+SPS

0. 022 0. 027 0. 026 0.050  0.118
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Tab. 4 Comparison of the message delays

FiE WE¥ DIJ+  KSP+  DIJ+  KSP+
izt /4 SMT SMT SPS SPS
50 4,68 4,24 4.28 3.32

100 5.26 5.35 5.15 5. 36

2 AAT 3 B
TRERD. o0 ssa 520 544 565

/slot
248 5.72 5. 74 6.99 7.15
496 - - 10. 09 10. 04
50 7.11 6. 57 6. 45 5.09
100 10. 83 11. 03 9.82 9. 90
?;;?%ij‘/i 124 10. 59 10. 29 9. 77 9. 94

248 10. 98 10. 96 11.72 12. 04

496 - - 15. 63 15. 29
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Tab.5 Comparison of network dataflow link load

i HERK

fibr &=/

50 100 124 248 496

DIJ 17.7 19.3 19.3 38.7 77.3
BDuax/ %
KSP 8.7 19. 3 19.3 38.7 77.3

DIJ 9.0 7.5 8.6 17.1 34.3
BDavg/ %
KSP 3.1 6.4 7.1 14.1 28.2

DIJ 3.8 5.7 6.0 12.0 24.0
BDggn/ %
KSP 2.1 5.6 5.4 10.7 21.2
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Fig. 9 Histogram of the probability distributions of data-
flow link load with 496 messages
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